Introduction
The prevention of child abuse and neglect is an important public health issue not only because once maltreatment occurs there are effects on children's development, but also because there are no programmes that can guarantee the prevention of recidivism in families in which abuse has occurred. 1 Researchers such as Macmillan et al. 1 have called for 'more efforts to be directed towards prevention before a pattern of abuse and neglect is established in a family ' (p. 1786) . Governmental responses to maltreatment have excessively focused on crises services, with primary and secondary prevention largely neglected. Therefore, it is important that we fully understand the factors which can affect vulnerability to maltreatment and the role that primary prevention (universal services that can enhance all families capacity for raising children) and secondary prevention (targeted services for at-risk families) can play in reducing risk. 2 Researchers such as Belsky, Cicchetti and Lynch [3] [4] [5] have used the framework of Bronfenbrenner's ecological model to conceptualize the multiple factors that increase vulnerability of families to child maltreatment. It is now understood that a variety of factors at different levels contribute to this increased risk of maltreatment and factors interact in compensatory or potentiating ways. At the parental level, mental health problems, substance abuse and domestic violence have been implicated as increasing risk. 6 In a population-based study, children born with neonatal withdrawal syndrome were found to be eight times more likely to have substantiated child maltreatment. 7 Furthermore, in a community-based sample, 40% of parents with physically abusive behaviour and 56% with neglectful behaviour met the criteria for an alcohol or drug disorder. 8 Elevated levels of psychopathology were found to be associated with child maltreatment in a community-based study. 9 Research also shows that males who are aggressive towards their spouse are more likely to be violent toward their children. 10 The difficulty with implicating these risk factors is that often they co-occur and can be associated with other vulnerability factors. 11 Socio-economic disadvantage places families at higher risk of child maltreatment, with studies suggesting that this is due to the stress caused by financial difficulties and poor living conditions. [12] [13] [14] We also know that ethnicity may increase the likelihood of child maltreatment or at least the recognition and notification to authorities. Australian Aboriginal children are placed in out-of-home care at nine times the rate of non-Aboriginal children. 15 Children with disabilities have also been identified as a highly vulnerable group, with research indicating a 31% prevalence rate of maltreatment for disabled children compared with 9% for non-disabled children. 16 The literature implicates dependence on caregivers and lack of ability to communicate as reasons for increased vulnerability. 16, 17 Despite acknowledgement of the need for multifactorial models to investigate vulnerabilities to child maltreatment, their use is associated with considerable methodological challenges. Large sample sizes are required when examining increasing numbers of variables in models, yet longitudinal data sets are rare and often considerably diminished by selective loss to follow-up. Using population-level linked datasets overcomes these problems, providing the opportunity to investigate a number of factors related to the child and family, while examining risk of child maltreatment longitudinally. Therefore, the aim of this study was to identify specific child and parental factors associated with increasing vulnerability to substantiated child maltreatment.
Methods
We conducted a retrospective cohort study of all children born in Western Australia (WA), during 1990-2005 using de-identified population level data, prospectively collected for individuals linked across datasets. Cases were identified from the child protection data collection, which includes information on all substantiated child protection allegations from 1990 to 2005. Child protection allegations consist of reports made to the Department for Child Protection regarding allegations of child abuse or neglect. An allegation is substantiated when, following investigation 'there is reasonable cause to believe the child has been, is being, or is likely to be abused or neglected or otherwise harmed'. Children born in WA and diagnosed with a disability were ascertained from the Cerebral Palsy Register, Birth Defects Register and Intellectual Disability Exploring Answers (IDEA) dataset. The Cerebral Palsy Register includes information on children who were diagnosed with cerebral palsy up to age 5 in WA, whereas the Birth Defects Register contains information about infants diagnosed with a birth defect defined as 'a structural or functional abnormality that is present from conception or occurs before the end of pregnancy, and is diagnosed by 6 years of age'. 18 Cerebral Palsy and Birth Defects cases were combined as there was a large degree of overlap in children identified on the registers. The IDEA database provides population-based information on children diagnosed with an intellectual disability in WA, based on medical and demographic data collected by the Disability Services Commission. This has been enhanced by data from the Department of Education and Training on children identified as having an intellectual disability in 1999, 2002 and 2004. 19 Specific information on parental age was determined from the Midwives Notification and Birth Registrations.
Aboriginality was determined from information about the child and mother in the Birth Registrations, Midwives Notification and supplemented by demographic information from the Child Protection data set for unknown status. The Index of Relative Social Disadvantage, as defined by the Australian Bureau of Statistics (ABS) was used to determine the level of socio-economic disadvantage in the census collection district (approximately 250 households) relating to the mother's residence at the time of the infant's birth. 20 Six levels of disadvantage were assigned to collection districts ranging from level 1, indicating least disadvantaged areas, to level 6, representing most disadvantaged areas. For Aboriginal families this was reduced to four groups due to a high proportion falling in the lower disadvantaged areas.
Parental hospital admissions (from 1970 to 2005) related to mental health, substance use and assault were identified by reviewing up to 21 diagnostic codes and four external cause codes assigned to the hospital admission. Only those parental admissions that occurred prior to the substantiated allegation were included to ensure that these issues were present before the substantiated allegation. Parents were identified as having had a mental health-related hospital admission if any of the following ICD diagnostic codes were recorded, ICD10: 'F00-F99', ICD-9/ ICD-8: '290-319'. Parents were identified as having an assault-related hospital admission for the diagnostic codes, ICD-10: 'X85-Y09'; ICD-9/ICD-8: 'E960-E969' and a substance-use-related hospital admission for the diagnostic codes ICD10: 'F10-F19', 'T40', 'T43.6', ICD-9/ICD-8: '291', '303-304', ICD-9: '292', '305'.
The data sets were linked by the Western Australian Data Linkage Unit, using probabilistic linkage. 21 The expert linkage team develops linkage strategies involving multiple passes and is tuned to minimize both false positive and false negative errors with extensive clerical review used to resolve doubtful links. Once linkage was completed, linkable de-identified data files are extracted by the data custodians and provided to the researcher who merges the data using a linkage key. 
Statistical analysis
The effect of child and parental characteristics on risk of substantiated child maltreatment was investigated with confounding factors taken into account using a multivariate Cox regression model. Survival time was determined from birth to the date of first substantiated maltreatment allegation, and children who did not experience a substantiated allegation were censored at the date of study completion (31 December 2005) . Given the different rates of substantiated allegations for Aboriginal and non-Aboriginal children, these were analysed separately. Analyses excluded observations where there are missing data and the covariates were entered into the data simultaneously. As mothers may have had more than one birth over the study period, the impact of multiple records (i.e. children) for the same mother was accounted for by using robust standard error estimates. All results are presented using hazard ratios (HRs) and 95% confidence intervals (CIs). SAS Release 9.1 was used to conduct all analyses.
Results
Of the 397 345 children born in WA between 1990 and 2005, there were 13 644 children (3.4%) who received at least one child maltreatment allegation, and 6486 (1.6%) who received at least one substantiated allegation. There were 22 345 children identified as Aboriginal, with 12.5% receiving a child maltreatment allegation and 7.2% receiving a substantiated allegation. Among the non-Aboriginal children, 2.9% received a child maltreatment allegation and 1.3% a substantiated allegation. For parents, the majority of admissions for mental health (78-79%), assault (71-76%) and substance use (72-75%), occurred prior to the first child maltreatment allegation.
There were key differences between Aboriginal and non-Aboriginal family demographics (Table 1) , with Aboriginal families more likely to be from socioeconomically disadvantaged areas compared with non-Aboriginal families. Aboriginal mothers and fathers were also more likely to be younger at the time of their child's birth and Aboriginal families had a greater likelihood for maternal and paternal mental health-, substance-use-and assault-related hospital admissions. 
Discussion
This population-based study has found a number of child and parental factors that increase the risk of substantiated child maltreatment. The most important parental factors were hospital admissions related to mental health, substance use and assault, as well as greater socio-economic disadvantage.
In non-Aboriginal families, mothers and fathers <30 years of age, as well as fathers 439 years, were at increased risk of their child having a maltreatment substantiation. Importantly, even when all of these parental factors are accounted for, children who have an intellectual disability were still at increased risk of maltreatment substantiations in both Aboriginal and non-Aboriginal families. The strength of this study is that we used de-identified population-level databases, linked across health and child protection, to investigate child and family characteristics associated with risk of child maltreatment substantiations. It identifies a number of characteristics that have not previously been investigated together at a population level, such as parental mental health-, substance-use-, and assault-related admissions, and children who have an intellectual disability. Linking the population data for Adjusted for by gender, socio-economic disadvantage, intellectual disability, cerebral palsy and other birth defects, parental age at birth, parental mental health, assault and substance use. 
MALTREATMENT IN NON-ABORIGINAL AND ABORIGINAL CHILDREN AND FAMILIES
health and child protection has facilitated the tracking of child protection trajectories for children without bias of subject participation and recall, and with acceptable statistical power. Researching issues as sensitive as mental health, substance use and child protection risk is a challenge, but the use of de-identified population level data allows us to investigate family characteristics and child protection outcomes while protecting the privacy of research subjects. Although using linked administrative databases has many advantages, there are some limitations. Potential sources for under-ascertainment may arise with the use of diagnostic codes reported on morbidity datasets to identify admissions for parents. 23 Another is that child maltreatment is identified by notification to and substantiation by child protection agencies, and there may have been children who have been maltreated but not reported and investigated by child protection services. It is also possible that there is a bias in the increased reporting of Aboriginal families and those of low socio-economic background to child protection agencies. 24 It is also the case that hospital admissions for mental health, substance use and assault are only a small proportion of parents in the community who suffer mental health problems, substance-use issues and domestic violence. Furthermore, other factors associated with child maltreatment such as parenting style and family functioning could not be included in the model as they are not collected at a population level. 25 Despite these limitations, this research is consistent with findings from cross-sectional studies that have identified poverty and parental substance use, mental health problems and domestic violence as strong risk factors for child protection involvement. 12 Even after taking into account parental age and admissions for mental health, substance use and assault, poverty is still a factor that is associated with increased risk of child maltreatment substantiations. This implies that financial difficulties provide another stress in the complex web of factors that increase vulnerability for child maltreatment. In Aboriginal families, socio-economic disadvantage was not found to be associated with increased risk. This is likely to be due to a greater proportion of this population facing poverty and multiple risk factors. 26 It is therefore likely that poverty is a risk factor for child maltreatment in Aboriginal families, but due to the proportion of the population in poverty, the risk is uniformly high.
In addition to poverty, parental mental illness and substance use have a strong impact on the ability of parents to adequately care for their child. This highlights the opportunity for the provision of treatment and counselling for identified families before it impacts on children's safety and the need for child protection involvement. There is also strong evidence that in homes where violence occurs, there is an increased risk for children being maltreated, confirmed in our study with assault-related admissions a strong risk factor. 27 The high proportion of mental health-, substance-use-, and assault-related admissions in Aboriginal families represents the critical need for culturally appropriate services across Aboriginal communities. Examples are healing/wellbeing centres based in Aboriginal communities, which Indigenous organisations called for in the Bringing Them Home Report. 28 Parental age is a complex factor in its association with child maltreatment. The increased risk of child protection involvement for mothers at younger ages, particularly <20 years of age, could potentially be due to the lack of maturity and experience in caring for children. Other research has suggested that 490% of 15-19-year olds describe their pregnancies as unintended and this may influence the motivation of these young mothers in their efforts to parent. 29 This highlights the importance of comprehensive education and family planning for young people and indicates that young mothers and fathers may benefit from ongoing support such as home-visiting programmes and parenting support groups. 30 This study extends research on the impact of child vulnerabilities that increase the potential for child maltreatment. After taking into account many of the parental factors associated with increased risk, children with a disability still present as a highly vulnerable group. This implicates the need for early identification of disabilities in children, support for families and interventions to improve the functioning of disabled children. Research indicates that respite care for families with a child with a disability is an important factor in reducing child protection risk. 31 This should not only consist of crisis respite care, but also planned respite to ensure the reduction of ongoing stress that may be experienced by a family who have a child with a disability.
Australia as a signatory to the 'United Nations Convention on the Rights of the Child' has agreed to protect children's rights through 'assisting parents in the performance of their child rearing responsibilities' as well as ensuring 'the development of institutions, facilities and services for the care of children'. 32 To prevent child abuse and neglect it is essential that we have a platform of universal services which assist parents in their role, as well as targeted services for at-risk families. 2 In Canada, Manitoba has made significant moves towards the prevention of child maltreatment by implementing a Baby First programme. This consists of a brief screening form for all mothers who have given birth, with those identified as 'at risk' given a more in-depth assessment, eligible families being provided a home-visiting programme for newborns living under conditions of risk. 33 This is an example of a proactive approach to secondary prevention and demonstrates the importance of studies such as ours that can add valuable information on risk factors which could be used to improve such screening tools.
While population-wide public health approaches aimed at reducing the level of alcohol and substance use, domestic violence, poor mental health and poverty must be continued and further developed, it is important that for at-risk families we also have targeted programmes to reduce the risk of child maltreatment. Pregnancy provides a unique opportunity to assess the needs of a mother and family and put in appropriate supports that may be required. Evidence indicates that long-term support is required for families with complex problems; therefore, it is important to have dedicated programmes for those families with issues of poor mental health, substance abuse and domestic violence. 34 Awareness of the factors that make children and families vulnerable may aid targeting of child maltreatment prevention programs. 
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